Objective: There is growing epidemiological literature focusing on the bidirectional association between psychosocial factors and atopic disorders, but no efforts to quantify the relationship systematically have been published. Methods: We searched Medline, PsycINFO, Web of Science, and PubMed up to June 2007. The studies included were prospective cohort studies investigating the influence of psychosocial factors on atopic disorders and the effect of atopic disorders on mental health. Two investigators independently extracted data and determined study quality. Results: There were 43 studies (in 22 articles), of which 34 evaluated the effect of psychosocial factors on atopic disorders and 9 evaluated the effect of atopic disorders on mental health. The major atopic disease assessed in these studies was asthma (90.7%) with allergic rhinitis, 4.7%; atopic dermatitis, 2.3%; and food allergies, 2.3%. The overall meta-analysis exhibited a positive association between psychosocial factors and future atopic disorder (correlation coefficient (r) as combined size effect .024; 95% confidence interval, 0.014 -0.035; p Ͻ .001) as well as between atopic disorders and future poor mental health (r ϭ .044, 95% confidence interval, 0.021-0.067, p Ͻ .001). More notably, the subgroup meta-analysis on the healthy and atopic disorder populations showed psychosocial factors had both an etiological and prognostic effect on atopic disorders. Conclusions: The current review revealed a robust relationship between psychosocial factors and atopic disorders. This supports the use of psychological in addition to conventional physical and pharmacological interventions, in the successful prevention and management of atopic disorders. Key words: allergy, anxiety and depression, psychoneuroimmunology, psychosocial stress, social support, meta-analysis. 95% CI ϭ 95% confidence interval; r ϭ correlation coefficient.
INTRODUCTION
A topy can be considered to be a genetically and environmentally determined predisposition to a number of clinically expressed disorders including allergic rhinitis, atopic dermatitis or eczema, and allergic asthma, regulated through immune phenomena in which many cells (ie, mast cells, eosinophils, and T lymphocytes) and associated cytokines, chemokines, and neuropeptides play a role. Mechanisms of inflammation central to the pathophysiology of these atopic disorders overlap and involve a cascade of events that include the release of immunologic mediators triggered by both immunoglobulin E (IgE)-dependent and independent mechanisms (1) . The prevalence of atopic disorders has continued to escalate worldwide in the past three to four decades, especially in the highly developed Westernized societies, where as many as one in three individuals suffer from some form of atopic disorders (2, 3) . The remarkable change in external environments such as allergens, deficient antigen exposure in early life (hygiene hypothesis), climate, environmental pollution, and tobacco smoke exposure may partly explain the atopic epidemic, because genetics alone cannot account for the sudden and significant rise in atopic disorder that has seen prevalence rates triple in less than 40 years (2, 3) .
In parallel with the increase in atopic prevalence is a documented increase in many psychosocial stresses in various socioeconomic populations (4, 5) . Historically, many clinicians have considered atopic disorders to be "psychosomatic." Before the underlying inflammatory basis of atopic disorders was discovered, atopic disorders were among the disorders believed to be purely psychogenic in origin. Alexander (1950) mentioned atopic dermatitis and bronchial asthma among the seven classic psychosomatic disorders (6) . Recently, there have been a growing number of epidemiological studies designed to examine the effect of psychosocial factors on the expression of atopic disorders (7) . However, their results are conflicting.
The mechanisms relating psychological stress, personality, and emotion to atopic disease also continue to be investigated. Hormones and neuropeptides released into the circulation when individuals experience stress are thought to be involved in regulating both immune-mediated and neurogenic inflammatory processes (1) . Dysregulation of normal homeostatic neural, endocrine, and immunologic mechanisms can occur in the face of chronic stress, leading to chronic hyperarousal or hyporesponsiveness that may affect disease expression (7, 8) . These responses may in turn have an influence on mood and well being. Therefore, it is also important to clarify to what degree atopic diseases affect psychological state.
We conducted a systematic review and meta-analysis of prospective cohort studies to better explore and quantify the putative bidirectional relationship between psychosocial factors and atopic disease.
METHODS

Data Sources and Searches
We developed a protocol using a widely recommended method for systematic reviews of observational studies (9, 10) . We searched general bibliographic data- (1950 ( to June 2007 , and scrutinized reference lists from relevant reviews and articles. The main search strategy was ("allerg*" or "atop*" or "asthma") and ("psych*" or "stress" or "depress*" or "anxiety" or "social support") and ("prospective" or "longitudinal").
Study Selection
To better explore and quantify a putative bidirectional relationship between psychosocial factors and atopic disease, we limited the current systematic review and meta-analysis to prospective cohort studies, because cross-sectional and retrospective case-control studies are subject to recall bias and cannot conclusively detect a causal association between predictive and outcome variables. Psychosocial stress can be generally considered to be a combination of exposure to a stressor, the emotional and behavioral response to it, and the use of social supports (8, 11) . We therefore investigated three types of psychosocial factors in this review, namely, a) stressor exposures such as negative life event and daily stress, b) psychological distress (internalizing, anxious, or depressive symptom, stress-related personality, immature coping skills, etc.), and c) poor social support (social isolation, impoverished social relationships, etc.). In the case of cohorts containing infants or children (0 -17 years old), we also included family-related distress such as caregiver stress, maternal panic disorder or depression, and family conflict, because these have been reported to exert strong immunological effects on younger subjects (12) . The analyses of the impact of atopic disorders on mental health included studies of psychological distress, anxiety, panic disorder, and internalizing symptoms in children. Criteria for inclusion were as follows: a) English language full-length publication in a peer-reviewed journal; b) prospective cohort study; c) investigating a longitudinal association between psychosocial factors and the incidence or severity of atopic disease, or a longitudinal association between atopic disorders on the incidence or severity of psychological distress; d) the articles evaluating low socioeconomic status as a source of psychosocial distress were excluded, because almost all articles used this factor as a controlled covariate but not an explanatory variable; e) if a cohort overlapped across articles, the article with shorter follow-up or poorer study quality was excluded; f) if more than one kind of atopic disorders or psychosocial factors were assessed in one article, the samples were included separately.
Data Extraction and Quality Assessment
A manual was prepared for coding the studies. The manual was revised during the coding to incorporate important aspects of the located studies. The final list of variables is shown in Tables 1 and 2 . The selected studies were categorized into three groups: a) a healthy population without outcome atopic disease or psychological distress at the beginning of observation, b) a population with outcome atopic disease or psychological distress at the beginning of observation, and c) a community-based population including subjects with and without atopic disease or psychological distress. This design enabled us to examine an etiological effect of explanatory variables on outcome diseases, and a prognostic effect of explanatory variables on outcome diseases.
We assessed all manuscripts that met the selection criteria for quality. Our quality items were based on existing protocols (9) . We considered a study to be of good quality if it used consecutive or random recruitment of participants or representative sampling, ascertainment of explanatory or outcome variables by validated instruments or clinical examination, and control for possible covariates including smoking and socioeconomic status. We classified studies arbitrarily into high or low quality categories by whether or not they fulfilled three or more of these criteria.
One author (Y.C.) conducted and another (M.H.) verified study inclusion and data extractions. At least two reviewers independently assessed quality and validity. Disputes were settled by consensus. On occasion, we attempted to obtain supplementary information directly from the authors by E-mail or from another published report.
Data Synthesis and Analysis
We followed meta-analytic procedures that have been previously described elsewhere (13) . Briefly, an effect size was calculated as a correlation coefficient (r) from the difference in atopic outcome at follow-up (the last time point assessed) across psychosocial factor levels at the baseline, or the difference in psychological distress outcome at follow-up across atopic status at the baseline. Therefore, the data in each study had to include either a zero-order r or information that could be converted to an r effect size (e.g., t tests, F tests, means and SDs, and chi-squares). If a study did not report an r effect size, we computed one from descriptive statistics, t statistics, F ratios, and tables of counts (14) . If no relevant convertible statistics were presented, other than a p value, we calculated the t statistic from the p value and an r-sub (equivalent) (15) . When an article reported p Ͻ .05, p Ͻ .10, or ns, we computed r-sub (equivalent) with p values of .025, .050, .50 (one-tailed), respectively, which likely yielded a highly conservative estimate of the effect size.
Weighted average effect sizes were computed as r values by proportionally weighting each study's observed effect size according to its degrees of freedom. The advantages of reporting meta-analytic results as r values as opposed to other effect size indicators (e.g., Cohen's d and Hedge's g) have been discussed by Rosenthal (14) . Because we compared the effect of a wide range of stress, we decided to use random effects modeling (DerSimonianLaird method) overall (16) . Random effects models take into account the amount of variance caused by differences between studies as well as differences among subjects within studies. Provided there was sufficient information, we aimed to perform sensitivity analyses according to the characteristics of cohort population, sample size, type of psychosocial factor, study quality score, and type of atopic disorder. We simultaneously used the Q-test for homogeneity between studies, which tests whether there was variability within the set of effect sizes. Finally, to detect publication biases, we examined measured the degree of asymmetry by using Begg's asymmetry method (17) . All analyses were performed using the Meta-Analysis program (18) . Figure 1 shows details of exclusion and inclusion of articles. Appendix Table A1 details the articles that were excluded from detailed evaluation (n ϭ 20). Tables 1 and 2 summarize the characteristics of 34 studies investigating the effect of psychosocial factors on atopic disease and those of 9 studies investigating the effect of atopic disorders on mental health, respectively.
RESULTS
Effect of Psychosocial Factors on Atopic Disorders Study Characteristics and Quality
Across the 17 cohorts, sample sizes ranged from n ϭ 32 to 20,854, with a mean of 3352 (median, 411). Follow-up periods averaged 4.7 years with a median of 2.0 years. A range of psychosocial factors was assessed, which were categorized as a) stress exposure (20.6%, 7 of 34 studies), b) psychological distress (41.2%, 14 of 34 studies), or c) poor social support (38.2%, 13 of 34 studies). Regarding clinical atopic disease outcomes, almost all studies assessed asthma except for one in which atopic dermatitis was measured ( 
Study Results and Meta-Analysis
More than half the studies (55.9%, 19 of 34 studies) demonstrated a detrimental effect of psychosocial factors on atopic disorders, with the odds ratios or the relative risks ranging from 1.15 to 8.95 (Table 1) . As shown in Table 3 , combined effect size for 34 studies was 0.024 (95% confidence interval (95% CI), 0.014 -0.035). More intriguingly, the subgroup meta-analyses on the studies with healthy populations and atopic populations showed effects of 0.015 (95% CI, 0.005-0.024) and 0.046 (95% CI, 0.021-0.074) respectively (Figure 2 ), which indicates that psychosocial factors may have an aggravating effect on both the 
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onset and clinical course of atopic disorders. Effects remained significant when children and adult populations were analyzed separately, and associations remained significant for both high and low methodological quality studies. We also carried out separate meta-analyses of moderate (N Ն 500) and very large (N Ն 5000) studies. Both were significant, though effect sizes were reduced in the very large sample studies. We were able to carry out separate meta-analyses on stress exposure, psychological distress and poor social support, and groupings within these categories. As shown in Table 3 , psychological distress had the most significant effects on atopic outcome (r ϭ .043; 95% CI, 0.020 -0.066), though associations with poor social support were also significant. Both depression or anxiety and parental psychological distress had robust effects on atopic disease (r ϭ .029; 95% CI, 0.010 -0.067; and r ϭ .058; 95% CI, 0.001-0.115). The test for heterogeneity between studies did not show statistical significance (p Ͻ .05) in any categories, except for an overall analysis (p ϭ .016).
The Effect of Atopic Disorders on Mental Health Study Characteristics and Quality
Across the six cohorts, sample sizes averaged 1344 with a median of 478, ranging from 91 to 3430. Three cohorts contained children and three adults. Two cohorts ( Table 2 , No.4, 6) measured the influence of two or more types of atopic disorders in each cohort. Mean follow-up period of nine studies was 7.6 years (median, 4.0 years). Three types of atopic disorders were assessed, namely asthma (66.7%, 6 of 9 studies), allergic rhinitis (22.2%, 2 of 9 studies), and food allergies (11.1%, 1 of 9 studies). Outcome variables of psychological distress were all related to excessive symptoms of anxiety, such as panic disorder, although internalizing symptoms further included depressive symptoms. Two studies were classified as high quality (quality score Ն3); the breakdown was consecutive or random recruitment of participants, six studies (66.7%); satisfactory ascertainment of explanatory variables by validated instruments or clinical examination, none (0%); satisfactory ascertainment of outcome variables by validated instruments or clinical examination, all studies (100%); and control for possible covariates including smoking and socioeconomic status, two studies (22.2%).
Study Results and Meta-Analysis
Two thirds of the studies (6 of 9 studies) showed that atopic disorders impaired mental health, with the odds ratios ranging from 1.90 to 4.50. Combined effect size for 9 studies was 0.044 (95% CI, 0.021-0.067) ( Table 3 ). In addition, the subgroup meta-analyses showed that asthma was significantly associated with the development of psychological distress in healthy populations with a combined effect size of 0.040 (95% CI, 0.017-0.063). In the only study that examined the effect of atopic disorders in a population that was already distressed (boys with problem behavior), no effects on psychological outcome were observed (r ϭ .052, 95% CI, Ϫ0.050 -0.153) (Figure 3) . Associations between atopic disorders and future 
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poor mental health were significant in separate analyses of children and adults, and in studies of asthmatic samples (Table  3) . The test for heterogeneity between studies did not show statistical significance (p Ͻ .05) in any categories.
DISCUSSION
To our knowledge, this is the first systematic review to statistically confirm a bidirectional relationship between psychosocial factors and atopic disorders. The subgroup metaanalyses found that psychosocial factors were deleteriously involved in both the development and prognosis of atopic disorders. Additionally, the effect of atopic disease on future mental health was stronger than that of psychosocial factors on atopic disease development and progression. This suggests that greater clinical attention should be paid to mental health outcomes in patients with atopic conditions so as to break the vicious cycle of psychological distress-atopic disease.
Possible Underlying Mechanisms
The reciprocal relationship between psychosocial factors and atopic disorders might be mediated via behavioral and socioeconomic pathways. For example, stress might cause some atopic disease-exacerbating behaviors such as poor diet, lack of exercise, sleep disturbance, frequent smoking, substance abuse, unhygienic living environment, and poor medical adherence or compliance. In contrast, atopic diseases theoretically could have an adverse impact on mental health via chronic and unstable symptoms, consistent unsuccessful treatment and cumulative medical cost, and social functioning impairment at home, school, or workplace (7). Our review could not address all of these behavioral pathways. However, several studies demonstrated positive results even after controlling for important covariates such as smoking and socioeconomic status. This suggests that direct physiological pathways could also be involved. The hypothalamic-pituitary-adrenal axis, the sympathoadrenomedullary system, peripheral nonadrenergic noncholinergic nerves, and the sensory input from peripheral atopic inflammation might mediate a close interaction between the central nervous system and atopic disorders (7, (41) (42) (43) . In addition to the central role of the helper T cells (T H 1-T H 2) paradigm, recent studies have argued that other possible mechanisms are involved in the stress-atopic disease relationship, such as oxidative stress, glucocorticoid resistance, nerve-mast cell interactions, and intestinal dysbiosis (1, 42) . Investigation of a broader range of cytokines and neuropeptides produced by cells both within and outside the immune system might better delineate the true complexity of the mechanisms underlying the effect of atopic disorder on the central nervous system (7, 44) .
Issues Arising From the Sensitivity Analyses
The separate meta-analyses of the three types of psychosocial factor found that psychological distress and poor social support, but not exposure to stressors that included life events or daily stress, had a significant adverse impact on atopic disorders. In line with this finding, previous studies have Y. CHIDA et al.
shown that individual variation in vulnerability to stressrelated diseases among people with similar life experiences is determined largely by the way stressors are perceived and the quality of social support (8) . Furthermore, it implies that managing human cognition, appraisal, coping and emotional reaction to adversity, and organizing social support might be rather more important than preventing stress exposure in relation to atopic disorders. In addition, it should be noted that not all psychological distress results from psychosocial stress and adversity, because preexisting mood differences that are partly genetically determined may be present even in the absence of stressor exposure (45, 46) . Interestingly, data from twin studies suggest a genetic link between atopy and psychological distress (47) , which could in some extent account for the present finding of a robust association between atopic disease and psychological distress including depression or anxiety and parental psychological distress. The analyses of children and adult populations indicate that the relationship between psychosocial factors and atopic disorders was more robust in children. Recent evidence has suggested that for most children who develop atopic disorders, the polarization of their immune system into an atopic phenotype likely begins before birth (12) . Moreover, gestational exposures to maternal stress can alter the development of humoral immunocompetence in offspring. The absence of maternal care has also been shown to cause some immune responses to go awry and to impair emotional stability (12) . Therefore, it is plausible that these prenatal and postnatal stresses might accelerate an association between stress and atopic disorders. Atopic disease population or psychological distress population, and (C) Community-based population include the subjects without outcome atopic disorders or psychological distress at the beginning of observation, the subjects with outcome atopic disease or psychological distress at the beginning of observation, and subjects with and without atopic disorders or psychological distress at the beginning of observation, respectively.
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Limitations and Guidelines for Future Studies
Our review was limited to evaluation of results in published articles. There was some evidence of publication bias, but only in 4 of the 25 subanalyses. This may imply a positive result bias, if authors are more likely to submit, or editors accept, positive than null (negative or inconclusive) results. The meta-analysis of the prognostic effect of atopic disorders on mental health included only one cohort study. More notably, because almost all studies assessed asthma status, the present findings may not extend to a more general relationship between psychosocial factors and atopic disorders. However, given that many cross-sectional, retrospective, or trial studies have demonstrated that atopic dermatitis, allergic rhinitis, and food and chemical allergies are strongly associated with stress (48 -50) , it is feasible that prospective studies would also detect a longitudinal relationship between psychosocial factors and other atopic diseases besides asthma.
Psychosocial factors had smaller effects on atopic disease in the studies with very large sample sizes. This finding was driven primarily by a recent high-quality British study of more than 20,000 adults, in which effects were significant but small (19) . This suggests that Rosenthal's method (15) of calculating correlation coefficients from sample size (N) and p values ( r ϭ ͌ t 2 /(t 2 Ϫ N Ϫ 2), t value with the degrees of freedom is based on the p value) might cause effect sizes to become less as the studies have larger sample sizes. It is also worth noting that the method of grouping psychosocial factor levels was inconsistent across studies, with some using binary divisions, others tertiles or quartiles, or established cutoff scores. We evaluated the validity of psychosocial factor measurement in each study as a quality score, but clearly the meta-analysis is limited when such different methodologies are used to operationalize the main exposure on interest. Undoubtedly, it would be helpful in the future to standardize the measures of psychosocial factors used.
Asthma was the main disease investigated, with many studies using self-report measures of respiratory symptoms (e.g., wheezing and cough) or physician's diagnosis. These relatively vague indicators might be contaminated with other respiratory diseases such as infectious bronchitis and emphysema, and be affected by participants' recall bias, although previous studies have reported that asthma based on selfreport of physician's diagnosis had high agreement with clinical diagnosis (51, 52) . Not all asthma can be categorized as allergic, but detailed scrutiny of allergy-related patient characteristics was missing from many studies. In addition to the conventional skin-prick test or radioallergosorbent test, in vitro T-cell response patterns are associated with atopy, further identifying its underlying immunophenotypes (53) . This new immunoepidemiological approach may provide a more Figure 2 . Meta-analysis about the effect of stress on atopic disorders. Higher positive correlation coefficients (r) indicate a more detrimental role of stress in atopic disease. Figure 3 . Meta-analysis about the effect of atopic disorders on mental health. Higher positive correlation coefficients (r) indicate a more detrimental role of atopic disease in mental health.
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